Fishery improvement projects (FIPs) are multi-stakeholder platforms for engaging retailers, importers, processors, and others in seafood supply chains directly in the policy-making and management of fisheries. FIPs vary in design and aim, making their evaluation complex. Studies to date have highlighted successes but also raised concerns about the performance of FIPs in improving fisheries. Drawing on a comprehensive dataset of attributes on all public FIPs, combined with sustainability performance data on the management of the target fisheries, their fishing levels, and stock status, this paper evaluates the performance of FIPs worldwide on improving fisheries, using exploratory data analysis methods and regression-based statistical approaches. The results showed that FIPs improved critical problems in target fisheries in the range between 60% and 82%, depending on the sustainability criteria considered. Performance did not vary between artisanal and industrial FIPs or according to the economic development status of the country. The probability of achieving improvements in management and overfishing domains is higher for fisheries with FIPs compared to those without. Variability in performance was related to the specific characteristics and history of each FIP, based on which further steps in research were suggested.
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A B S T R A C T
Fishery improvement projects (FIPs) are multi-stakeholder platforms for engaging retailers, importers, processors, and others in seafood supply chains directly in the policy-making and management of fisheries. FIPs vary in design and aim, making their evaluation complex. Studies to date have highlighted successes but also raised concerns about the performance of FIPs in improving fisheries. Drawing on a comprehensive dataset of attributes on all public FIPs, combined with sustainability performance data on the management of the target fisheries, their fishing levels, and stock status, this paper evaluates the performance of FIPs worldwide on improving fisheries, using exploratory data analysis methods and regression-based statistical approaches. The results showed that FIPs improved critical problems in target fisheries in the range between 60% and 82%, depending on the sustainability criteria considered. Performance did not vary between artisanal and industrial FIPs or according to the economic development status of the country. The probability of achieving improvements in management and overfishing domains is higher for fisheries with FIPs compared to those without. Variability in performance was related to the specific characteristics and history of each FIP, based on which further steps in research were suggested.
Introduction
Fishery improvement projects (FIPs) rapidly expanded over the past decade, but academic research into their performance on addressing sustainability issues is still scant. Individual case studies have analyzed the contribution of FIPs in specific fisheries [1] [2] [3] [4] or in a small number of similar fisheries [5, 6] . A broader study of the FIP model and its performance has been carried out using relatively coarse measures of progress [7] . This paper evaluates the performance of all publicly reported FIPs globally in rebuilding biomass, reducing fishing mortality levels, reducing illegal fishing, aligning quotas set by managers with those advised by scientists, and introducing precautionary harvest control rules (HCRs) that mandate reductions in fishing mortality at low biomass levels. The questions investigated were:
• Did FIPs improve fisheries?
• Did FIP performance vary depending on whether the fishery was artisanal or industrial, or in countries at different levels of economic development?
• Did FIPs improve critical problems in the fisheries?
• How fast did FIPs improve fisheries with critical problems?
• Did fisheries with FIPs improve more than those without?
A comprehensive database on FIP attributes, progress, and sustainability performance was developed for all FIPs known to have been active at some point in the past decade, based on FIP public records and their respective sustainability indices from FishSource.com, 1 typically updated on an annual basis, which were used to analyze FIP progress. This is the first study on which specific measures of fisheries' sustainability are used to evaluate FIP performance at the global scale.
Background: the origins and diversity of FIPs
In 2002, fishery improvement partnerships were introduced as a multi-stakeholder platform for engaging retail and restaurant seafood buyers and their suppliers as partners directly in the policy-making and management of fisheries they sourced from [8] . These improvement partnerships focused on fisheries important to international supply chains, meaning they were often large and globally significant sources of seafood but their future was at risk because of poor fisheries management [9] .
Major seafood buyers supporting these early FIPs described the strategy as "fix the worst first," meaning prioritize engaging the worst performing fisheries in their supply chains, and within those fisheries, focus improvement efforts on the worst problems (e.g., [10] ). These FIPs typically focused on urgent issues (such as rebuilding depleted stocks) and postponed other needed improvements until adequate progress had been made on the top priority issues. These early FIPs typically focused on larger fisheries within existing supply chains that were prioritized for action by buyers based on their greater commercial importance, were almost all large in scale and sought to cover the entire biological stock and management unit (e.g., Russian pollock, Barents Sea cod FIPs).
As other organizations adopted and adapted the FIP concept, different models emerged that varied according to a range of factors. California Environmental Associates identified four key factors [11] : (1) structure (basic, i.e., focused on one or two serious problems, versus comprehensive, i.e., working on all problem areas); (2) main lead (either by industry or a non-governmental organization (NGO)); (3) fishery status (i.e., improving a fishery with significant problems or celebrating a relatively "good" fishery with the intent of helping it rapidly achieve certification (e.g., Marine Stewardship Council (MSC))); and (4) the presence or absence of international supply chain engagement. FIPs also varied significantly in their scale, from small FIPs run by individual companies on only a few vessels or a small geographical portion of a fishery, up to large FIPs involving all the main producers and supply chain companies, and covering the entire biological or management unit of the fishery.
The term "fishery improvement project" (FIP) was adopted in 2008 to encompass this diversity of FIPs worldwide [12] . A formal definition was agreed in 2012 by the main NGOs engaging seafood buyers and supply chains [13] . FIPs work to improve fisheries that are themselves highly diverse. Fisheries vary according to a number of factors, often interlinked, such as their starting conditions in terms of management and sustainability (e.g., stock status and quality of existing science, monitoring, and enforcement), the magnitude of total annual catches, their importance to national policy-makers, heterogeneity of gears and fleets, the number of management jurisdictions, fisheries management budgets, ecological complexity, and social problems. Such factors can have a bearing on the success of fisheries management [14] [15] [16] [17] , and hence on the likelihood of success of a FIP, the speed with which improvements can be made, and the time it may take to raise the fishery to high levels of performance.
Data and methods
Data
A comprehensive global database of a total of 109 FIPs publicly reported as active at some point in the past decade (as per June 2016) was compiled with more than 60 different attributes per FIP (SI Tables   1, 2 ) including fisheries sustainability performance indices on management and stock status as well as external factors that could be influent upon FIP performance. The FIPs included in the database all publicly reported in conformance with Conservation Alliance for Sustainable Seafood guidelines and definition for a FIP [13] . Projects selfdescribing as FIPs, but not conforming with the Conservation Alliance for Sustainable Seafood definition and public reporting guidelines, were excluded from the database (e.g., development-agency-funded programs from the 1980s and 1990s that used the term "fishery improvement project" but did not include significant involvement of international supply chains, as described by [18] [19] [20] ).
The FIPs' sustainability performance data was derived from FishSource, a global database of fisheries maintained by the Sustainable Fisheries Partnership Foundation that holds data on fisheries characteristics, related sustainability assessments, and associations (or lack thereof) to FIPs (SI Table 3 ). FishSource scores, which rate fisheries management and stock health (details in Table 1 ; [21] ), are available as time series for most fisheries profiled on FishSource, not just fisheries with FIPs. In cases where a single FIP operated on multiple fisheries, the time series of scores were constructed from the lowest scores across all the fisheries within the scope of the FIP. The current analysis of fisheries performance was limited to the five FishSource scores. Even though these are good indicators of how fisheries are doing overall, their focus is on management quality and stock health. For fisheries where the main sustainability issues link to environmental (e.g., significant bycatch levels, impacts on vulnerable bottom habitats, etc.) and social impacts, the current analysis will not detect any changes in sustainability performance.
When quantitative measures cannot be derived, due to either a lack of publicly available data or an unusual assessment or management system, information may still be available to allow a qualitative response to each of the scores' underlying questions. Qualitative scores are obtained by using cut-off points: " < 6" refers to a high-risk condition, indicating a negative reply to the specific question being asked; "≥ 6" to a medium-risk condition, indicating that although not "high risk," improvements are required on the specific matters being addressed by the question; and "≥ 8" to a low-risk condition, indicating an affirmative reply to the specific underlying question. Determining qualitative scores is always associated with some inherent subjectivity, as opposed to quantitative scores where calculations are fixed and based on unequivocal rules (for more information on FishSource scores, data pre-processing, and metadata, see SI).
External factors that could influence FIP performance and were considered in the analysis included: seafood sectors, because they dictate strategic goals for NGOs, the industry and the supply chain (SI Table 4 ); macro-geographical regions [22] , because they can be indicative of differences in governance and culture and sustainability strategies and goals are in general organized around regions; international Human Development Indicators [23] , since FIP performance has been argued to differ based on the human, economic and social development status of the country [7] ; and fleet-type characteristics, because these fundamental differences may affect how fisheries Table 1 FishSource score indices and fisheries status and management criteria, typically updated on an annual basis, with underlying principles and rules of measurement for each score. FishSource scores were used for measuring fisheries' sustainability performance. Current fisheries mortality should remain at or below the fishing mortality set as a target mortality by the stock assessors or managers.
F current /F target management can be implemented (artisanal, industrial). The starting status of the fishery was also considered, particularly whether the fishery was suffering from critical issues at FIP start, which would be highlighted by scores below 6 on FishSource (e.g. if catch surpassed the quota by 50%, a Compliance score of 2 is retrieved). FishSource scores range continuously from 0 to 10, with less than 6 denoting critical issues. The range between 6 and 8 (exclusively) represents the absence of critical issues but with room for improvement, while scores greater than or equal to 8 denote a fishery in good condition against the respective sustainability criterion measured by the score. The data were collected and cross-validated, using publicly available FIP records and contacting FIP implementers to fill in data gaps and correct any errors in the history of the FIP (e.g., start dates, participants, etc.). The database allowed the evaluation of the performance of FIPs as a whole and the sustainability performance of groups of FIPs with similar characteristics, testing the hypothesis that specific FIP traits could affect the pace and magnitude of achieved improvements. The sample was limited to 57 FIPs (120 fisheries associated to FIPs) that had complete data for two or more years (i.e. "mature"), to achieve a balance between an appropriate sample size and time scales long enough for the FIP to achieve improvements. All FIP categories, as defined by the factors referred above, were represented in the data subset (SI Fig. 1 ).
FishSource provided data for a control group of fisheries not associated with FIPs, consisting of a sample of about 470 fisheries covering all seafood sectors and a wide range of macro-geographical regions. While these controls were not associated with FIPs, they were all sources for the international supply chain, and hence are not a random selection of the world's fisheries.
Methods
Did FIPs improve fisheries? Did FIP performance vary by fisheries subsets? Did FIPs improve critical problems?
FishSource scores at the beginning and end (or current date, for active FIPs) of the FIPs were compared using star plots [24] for all FIPs and for subsets of fisheries with FIPs: according to the fleet type (artisanal vs. industrial) and development (high or very high United Nations Development Programme -UNDP index vs. low or medium UNDP index). Star plots were also derived for those FIPs with starting FishSource scores below 6, where a FishSource score below 6 denotes a critical problem and a high-risk fishery. The differences between scores at the beginning and end of the FIPs (i.e., before and after the FIP) were tested using the two paired samples Wilcoxon signed-rank test (H0: median difference = 0; [25] ) for all FIPs and for the group of FIPs with critical problems (FishSource scores < 6) at the start of the FIP. Statistical testing of differences was not carried out for other subsets given their small sample sizes.
How fast did FIPs improve fisheries, especially those with critical problems?
Linear regression lines were fitted to the time series of each FishSource score for each FIP and the slopes for each line were derived:
where FSS stands for a FishSource score, i denotes one of the five FishSource scores and j one of the 57 FIPs. A positive slope (trend, b ij ) shows an increase of the score and thus implies achieving an improvement over time. Annual increments in slopes were used to derive estimates of improvements in the actual variables the scores are based on (see SI for calculations). Histograms of the slopes for all FIPs per FishSource score showed the frequency of the trends that are indicative of the number of FIPs that achieved improvements and of the rate of change for the majority of FIPs (high slopes denote a higher rate of change). The subset of slopes for FIPs with critical issues at the start of the FIP was superimposed to the histograms for comparison purposes against the dataset with all FIPs.
Did fisheries with FIPs improve more than those without?
To answer the question of whether FIPs make a difference in achieving improvements towards sustainability, a comparison was made between the progress of fisheries with FIPs and the progress of fisheries without (the control group). Progress was measured using two indicators: (i) the probability of regression slope (trend) of a FishSource score of a fishery being positive, where the slope is calculated using a regression model
with FSS ik being the FishSource score i (with i = 1-5) of fishery k; and (ii) the probability of the difference of the FishSource score at the beginning and end of the time series to be positive, where the difference is calculated as
The two indicators were used as response variables in a linear regression model
P (trend i > 0) is the probability of the slope for the time series of FishSource score i to be positive, i.e., increasing trend of the score, P (diff i > 0) is the probability of the difference of the FishSource score i between the beginning and end of the time series being positive, FIP is 1 for fisheries with FIPs and 0 for the control. ps refers to the propensity score for the fishery obtained by fitting a binomial regression (see Eq. (6) below for details), w ik is the length of the time series of FishSource score i for fishery k, and d 0 is the difference between FIP-associated fisheries and the baseline (control). The Bonferroni correction was applied to avoid erroneous inferences due to multiple comparisons (a total of 10 in this case).
Given that our study is observational and hence non-randomized [26] , propensity scores were employed to decrease the bias induced by confounding factors (see [27] on propensity scores; [28] on how to adjust for the covariates; and [29] [30] [31] for examples in fisheries). The propensity score is the conditional probability of a fishery being associated to a FIP, given a vector of observed covariates (confounding factors, see below). Eq. (6) gives the binomial regression used to calculate the propensity scores:
where the dependent variable is the probability of a fishery being associated to a FIP or not (P (fishery ϵ FIP)) and f () is a linear function of the confounding factors. The confounding factors that were considered were:
1) Seafood sector: to account for imbalances in the number of fisheries belonging to each sector for fisheries with FIPs and for those without. 2) UN region: used as a grouping factor concerning conservation goals and policies. Adding this variable to the model increased the number of parameters to estimate and led to model convergence issues, so the variable was dropped. 3) UNDP index and UNDP index-based categories: to account for possible differences between developed and developing countries such as level of awareness of sustainability problems, capacity to solve environmental problems, differences in scientific output. 4) Being related to a Supply Chain Roundtable: because supply chain roundtables use their leverage to initiate FIPs for fisheries of their interest. 5) Having critical problems (i.e. one or more FishSource scores < 6) at the beginning of the time series: the variable was considered because the framework of FIPs aims to deliver improvements in fisheries with serious sustainability issues, and often stakeholders prioritize these fisheries. 6) Latitude: This variable is often used as a proxy for a number of unobservable factors. Different levels of biodiversity [32, 33] and ecosystem complexity relate to latitudinal gradients [34, 35] and pose challenges to scientists and managers. The characteristics of fisheries also likely to vary with latitude. 7) Species catch/total catch of the fishing sector, at country level when possible or at the FAO area level when information at the country level was not available: This variable was used as an indicator of the relative importance of the fishery against the country's production. A relatively small fishery in the global landscape can be a key fishery for a given country or region, and thus very important for the country's government to manage well. 8) Global catch of the target species: as an indicator of the importance of the fishery at a global scale.
Model selection was based on the framework provided in Brookhart et al. [36] and on a stepwise regression, with the full model including 2-way interactions between confounding factors. The final model was selected using the Akaike and Bayesian Information Criteria [37] aiming for a realistic and parsimonious model. The model was fitted to derive the propensity score for each fishery. The propensity scores are then used for covariate adjustment (Eqs. (4) and (5)). All graphical and statistical analyses were conducted using the R language (version 3.3.0; [38] ).
Results
Did FIPs improve fisheries?
The star plots of the average of the five scores from the beginning to the end of FIPs, for all FIPs, showed increase or stability for all sustainability criteria as measured by FishSource scores (Fig. 1a) , but the Wilcoxon test showed that only the Harvest Strategy score had a statistically significant increase (p-value < 0.001; SI Table 5 ) when considering all FIPs.
Did FIP performance vary by fisheries subsets?
The star plots of FishSource scores suggested positive differences between the beginning and end of FIPs (or current state) for all subsets -artisanal and industrial fleets, Low or Medium UNDP index, and High or Very high UNDP index (Fig. 1b) . The most difference was for FIPs for artisanal fleets, and for FIPs from developing countries (Low or Medium UNDP index) (Fig. 1b) . The increasing pattern was observed for all scores except for Stock Health. Statistical testing was not rendered possible for FIPs subsets given small sample sizes. A closer look at the data regarding the score on Stock Health for artisanal FIPs showed that the overall slightly decreasing trend can be attributed to artisanal shrimp FIPs in the Gulf of California. Despite the decrease in the average, all scores for stock health remained above six for artisanal FIPs, with the lowest end-point observed being 6.6.
Did FIPs improve critical problems?
A clear pattern of improvement in all five FishSource scores was observed for scores from FIPs that were below six at the FIP start (critical issues) (Fig. 1c) . The observed improving pattern of critical issues by score was as follows: Harvest Strategy -62%, Management -72%, Compliance -82%, Stock Health -64%, Overfishing -60%. The Wilcoxon test showed that all score differences between start and end of FIP were statistically significant (p-value < 0.001) with the exception of the score on stock health (SI Table 6 ).
How fast did FIPs improve fisheries with critical problems?
Linear regression lines for each FIP and histograms of the respective regression slopes are presented in Fig. 2 (left and right columns, respectively) for all five FishSource scores (rows of Fig. 2 ). Regression lines are trimmed to the period of activity of FIPs. The distribution of slopes for FIPs on fisheries that started with critical problems (scored < 6 at the start of the FIP) is shown overlapped in red in histogram plots. Medians for all FIPs and for those with critical issues at the start are shown in histogram plots as vertical lines.
With the exception of Stock Health, all medians of slopes for critical issues are clearly greater than zero, demonstrating clear improvement patterns. Such an outcome is not observed when considering all FIPs combined (grey histogram bars and grey vertical lines standing for Medians: in that case, only the Harvest Strategy median is notably greater than zero).
Translating the patterns observed only for FIPs with critical issues at the start into effective improvements, a positive median of slopes of 0.4 for Harvest Strategy stands for a 10% annual reduction in the anticipated fishing mortality at low biomass levels compared to the target fishing mortality, a considerable improvement. Similarly, a median of slopes of 0.6 for Management indicates a general pattern of reduction of 3.75% of the set total allowable catch compared to advised levels. A median slope of 0.8 for the Compliance score indicates that actual catches reduced by 5% relative to the set TAC, a significant reduction in overshoot of the quota and potential illegal overfishing. A median slope of 0.25 annually for the Overfishing score means a reduction in fishing mortality of 6.25% compared to target (see SI for detailed calculations).
Did fisheries with FIPs improve more than those without?
The comparison between fisheries with and without FIPs showed those with FIPs have a statistically significantly higher probability of achieving improvements regarding Management and Overfishing compared to fisheries without FIPs (Table 2 , p-values < 0.001). For the other FishSource scores the difference between the two groups was not statistically significant (p-values > 0.05).
Fisheries related to FIPs show a significantly higher probability of a positive difference between the scores on Overfishing at the beginning and end of the time series. For the score on Management, both comparisons (first using the FishSource score trend as the dependent variable and second using the difference between the score at the beginning and end of the score time series) showed a statistically significant difference. The propensity scores used to standardize the data were based on three confounding factors: the seafood sector (p-value < 0.001), the UNDP index-based categories (p-value < 0.001), and latitude (2nd order polynomial; p-value < 0.001).
Discussion and conclusions
The impact of FIPs on fisheries with critical problems
Our results showed that FIPs made statistically significant improvements in fisheries with critical problems in Management (Harvest Strategy, Management, and Compliance scores) and Overfishing score. This supports the intended principal goal of FIPs of improving problem areas rather than improving areas where fisheries are already performing well.
The absence of a statistically significant result for rebuilding depleted fish stocks is potentially caused by two factors: (i) target Stock Health was, in general, a less severe issue at the start of FIPs compared to Management or Compliance, and (ii) FIPs have not had enough time yet to rebuild stocks. Depleted stocks are typically the last thing to improve because for stocks to start to rebuild, fishing mortality must, in general, be reduced first (as measured by Overfishing score). For fishing mortality to be reduced, typically there needs to be a harvest control rule or equivalent in place that calls for reduction in fishing mortality at low biomass (Harvest Strategy score), and managers must follow the scientific advice and actually aim to bring fishing mortality down, e.g., by setting quotas in line with advised catch levels (Management score), and fishers must comply with the limits (Compliance score). It may take time for compliance to improve, and as stricter management policies are implemented, compliance scores may temporarily get worse. In other words, it is reasonable to expect to first detect improvements in the Management (Harvest Strategy and Management scores) and the Compliance scores, then improvements in reducing fishing mortality (Overfishing score), before improvements are likely in rebuilding depleted stocks (Stock Health score) [39] .
This sequence means improvements in the Stock Health score in depleted fisheries may only be detected in FIPs that have been active for many years, and potentially have completed their work. Similarly, a reasonable period of time may be needed to improve data collection and overcome data deficiencies, or for fisheries to improve compliance, which may even get worse first in response to stricter regulations. However, only 17 FIPs have concluded and 70% of the FIPs in the database are still active (i.e.
have not yet finished their work) and the average lifetime of FIPs is only 6 years (with an overall range in age for all observed FIPs from 2 to 9 years).
Many FIPs, therefore, may not have been operational for a sufficient time period to have completed inherently slow processes such as changes in fishers' behavior or dealing with data deficiency. Future analyses will benefit from longer time series and be able to confirm whether FIPs ultimately improved compliance with stricter regulations and rebuilt depleted fish stocks.
Setting reasonable expectations and deadlines for FIPs to deliver
While more time may be needed to resolve the questions above, our results provide useful insight as to how fast improvements of critical problems typically occur. Fisheries that started with critically low scores related to management (Harvest Strategy, Management, and Compliance scores) showed the most rapid pace of improvement. This is perhaps to be expected since improvements in management can be done through changes by regulators or policy-makers to written rules (e.g., changing the F target at low biomass in a harvest control rule). In contrast, reductions in F are typically introduced slowly and For the "start" star plot, the grey polygon is the average of all scores at the beginning of the FIPs. For the "end" star plot, the grey polygon is the average of all scores at the end of the FIPs for the same FIPs that are depicted in the left-hand star plot. The red polygons highlight the area corresponding to scores < 6 and are used in all plots to facilitate visual comparison. The radii to which polygons are superimposed correspond to guideposts for scores = 6, 8, and 10 (the outermost radii). The number of FIPs depicted for each score varies due to data availability and/or number of FIPs in each category (e.g., there were 26 FIPs with a score < 6 for Harvest Strategy at the start of FIPs, and 17 FIPs with a score < 6 for Compliance at the start of FIPs). incrementally (Overfishing score) and, as noted above, typically require improvements in Management scores first. Increases in biomass (Stock Health score) depend on environmental and other factors, and in depleted fisheries increases in biomass typically require prior reductions in fishing mortality.
One of the concerns raised about FIPs is whether they are making rapid enough progress, and over how many years it is reasonable to expect improvements to take place [13] . Our results indicate an average increase of 0.6 score units per year for Management-related scores (Harvest Strategy, Management, and Compliance scores) as a preliminary estimate. Further analysis is required to determine realistic rates of improvement in fisheries, and hence to set deadlines or timetables for specific fisheries to achieve target levels of performance. For all FishSource scores, the most rapid increases in scores were up to four times the median. Further research to understand why some FIPs made such rapid progress may indicate ways to improve the performance of all FIPs.
The performance of FIPS in general, and for artisanal and developing country fisheries
Very few FIPs allowed critical problems to emerge, as indicated by scores falling below 6 during the FIP. However, some high scores (in the range of 8-10) did show declines (e.g., into the 6-8 range). Of particular concern are the declines in Compliance scores, though these may be temporary and potentially related to the introduction of stricter management regulations, as noted above.
For all FIPs combined, a slight decrease of Stock Health was observed, but the respective observed score average remained ≥ 6, which may be regarded as a medium risk. Natural fluctuations over time are expected in biomass, but the declines observed for some tuna and South American stocks were substantial and lowered the average of the entire FIP sample. Additional research is required to understand the factors behind these specific declines.
The method and results indicate the crucial importance of measuring FIP performance against the impacts they need to achieve: improving critical problems. However, even when considering all FIPs working on all aspects of the fishery, including aspects where the fishery was already performing well, the vast majority of FIPs (93%), at the very least, maintained levels of performance, or delivered improvements in Harvest Strategy.
This pattern was observed for artisanal FIPs and FIPs from developing countries. Although small sample sizes did not allow for statistical inference for the subsets, average increases in all five scores were observed between the start and end of FIPs for both those subsets. Hence no evidence was found to support the conclusion of Sampson et al. in [7] that overall FIPs perform worse in developing countries.
The disagreement between the results of this study and those of Sampson et al. [7] are likely due to differences in measures of performance, and differences in how improvements in a single component of a multi-fishery FIP are weighted. In a FIP with n different fisheries, Sampson et al. [7] weighted improvements in a single component as 1/ n. In this study, however, an improvement in a single component was weighted as 1. Regarding measures of performance, this study used fisheries status and Management scores from FishSource.org, whereas Sampson et al. [7] used FIP "stages." FIP stages were developed by Sustainable Fisheries Partnership (SFP) in 2009 to help seafood buyers distinguish between FIPs that had already made improvements from those that had not, based on self-reporting and public evidence. FIP stages do not incorporate information on the specific type of improvement made, the magnitude of improvement, or how recently or regularly improvements are being delivered (see [40] for more information on FIP stages). As such, they are a coarser measure of FIP progress compared to FishSource scores.
Fisheries with FIPs improve more than those without
Statistically testing FIPs against an appropriate control group was complicated by small sample sizes. Modeling was rendered inapplicable for testing only FIPs working on critical problems against a suitable control, and hence the sample size was expanded by considering all FIPs and how they performed on all scores. Hence, the impact of all FIPs on all scores was considerably lower, and thus less likely to out-perform a control group. The final sample, with all observations, regardless of the condition of the fishery at the start of the FIP, was balanced, with a similar number of observations in both groups (fisheries with FIPs and those without -SI Fig. 3) .
The control group used-non-FIP fisheries on FishSource-is heavily focused on fisheries supplying international markets. These fisheries, despite not being in FIPs, have nonetheless been exposed to demands for improvement from international customers and may have responded even without formal publicly reporting FIPs [41] . This would further decrease the expected difference in performance between fisheries with FIPs versus those without. Nonetheless, our results showed fisheries with FIPs showed a significantly higher probability of improving Management and reducing Overfishing than those fisheries without FIPs.
The difference in improving precautionary management rules was not statistically significant. Adopting precautionary harvest strategies is a logical way for improvement efforts to start, and it may hence be the case that those took place to a large extent within the control group similarly as observed for the FIP group, thus rendering any comparison between the two improving patterns not statistically significant.
This study has not delved into which initiatives other than FIPs may have been playing an important role in improving fisheries (e.g., managers' own led initiatives in improving management and fisheries science, or other non-FIP-related improvement initiatives). The ideal control group would be entirely unrelated to any improvement initiative, however, the information was lacking and such a selection of the control group was not possible. Despite this limitation of the data, based on the analysis of comparison of FIPs with the control group, our results showed that the FIP model is an efficient tool to address management issues and to mitigate the risk of overfishing.
Limitations of methodology and next steps in research
The evaluation of FIP progress was based on FishSource scores. The following characteristics of the FishSource scores should be accounted for when interpreting the results of this study. First, many FIPs were formed to deal with environmental problems (e.g., high bycatch levels, impacts on habitats), rather than with management, stock health or overfishing issues, which are the principles currently captured by FishSource scores. Extending the database to include environmental scores is needed to evaluate FIPs comprehensively. Second, qualitative FishSource scores are inherently subjective, as opposed to quantitative scores where there are fixed and strict rules in the calculations. Also, they include three cut-off points in terms of fisheries performance (< 6, 6-8, ≥ 8), and are thus not able to capture finer-resolution changes.
The quantitative approach in this study was constrained to the coverage of the FishSource database. Despite being one of the largest fisheries databases globally, FishSource is far from covering all fisheries in the world. For some UN regions, the FishSource coverage is very limited, mainly driven by the absence of public information on those fisheries in the first place. Thus, the results from the current study may suffer from a bias toward more data-rich fisheries. As the FIP framework expands, more information on the status of the other fisheries will become available, and it is likely that any coverage-related bias will be mitigated in future studies.
Our method to evaluate the speed of improvement in scores used simple linear regression models. Neither the variability of scatters of FishSource scores over time nor the statistical leverage of individual points upon the trend was explicitly considered in hypothesis testing. Especially the scores on Compliance and Management show high interannual fluctuations that the estimated trends cannot capture. The estimated trends can be "smooth" representations of reality that may under-represent score declines or increases over time or misrepresent real trends due to influential points.
The FIP model is a fairly new concept, and there are still a number of research questions that persist and pertain mainly to the factors that ensure FIPs' success in improving fisheries. In particular, further research is needed to understand which factors may be preventing fisheries worldwide that have critical conditions from entering into FIPs. The FIP framework is very broad, leading to high levels of complexity, and more work is needed to decipher patterns behind FIPs dynamics. Is the diversity of FIPs responsible for the varying performance we observe? The current study makes no distinction between FIPs based on their quality or how they were set up. A complementary approach to the one followed in this study could focus on the most impactful and data-rich FIPs and examine the factors that contributed to their success. Which FIP practices were most effective in creating impact? In what specific context (e.g., regional, political situation, type of fishery)? What was the level of supply chain involvement? As FIPs become a preferred framework towards sustainability and reporting is improved, new datasets will allow scientists to identify the key factors and conditions that render a FIP successful. Future research should also include data on the fisheries production by value and global trade patterns. These factors can potentially be relevant to model the probability of a fishery being associated to a FIP, as well as an indication of market leverage as an integral part of the FIP model [42] and an important factor for the efficiency or success of a FIP. Another important layer of information is the inclusion of environmental and socioeconomic impact indicators, which would help assess FIPs that prioritize problems with habitat degradation and bycatch or FIPs with interlinked socioeconomic and sustainability issues.
